Knee injuries are common and account in various sports for 15-50% of all sports injuries. The cost of knee injuries is therefore a large part of the cost for medical care of sports injuries. Furthermore, the risk of acquiring a knee injury during sports is considered higher for females than for males. The nationwide organization ''Youth and Sports'' represents the major source of organized sports and recreation for Swiss youth and engages annually around 370 000 participants in the age group of 14 to 20 years. The purpose of this study was to combine data on knee injuries from two sources, the first being data on the exposure to risk found in the activity registration in ''Youth and Sports'' and the second injuries with their associated costs resulting from the activities and filed at the Swiss Military Insurance. This allowed calculation of knee injury incidences, to compare risks between males and females and to estimate the costs of medical treatment. The
The magnitude of knee injuries in sports (Backx et al. 1991 , Hippe et al. 1993 , Holzach et al. 1994 , Kujala et al. 1995 , Rö hrl et al. 1994 , and especially of injuries to the cruciate ligaments, has often been reported (Arendt & Dick 1995 , Johnson & Pope 1991 , Myklebust et al. 1997 , Roos et al. 1995 . The cost of knee injuries represents a large part of the expenditure for medical care of sports injuries (Arendt & Dick 1995) ; they are often connected with long and costly rehabilitation and to a relatively high extent followed by different degrees of impairment, with consequences for the injured person's professional and private life as well as for society (Holzach et al. 1994 , Kujala et al. 1995 , Engströ m et al. 1990 , Wadley & Albright 1993 .
In a review on alpine downhill skiing accidents, Rö hrl et al. found a worldwide reduction of the overall injury incidence between the years 1960 to 1990. During the last five of these years a stagnation was reported, but there was an apparent change in the 90 study comprises 3864 knee injuries from 12 sports during 7 years. Females were significantly more at risk in six sports: alpinism, downhill skiing, gymnastics, volleyball, basketball and team handball. The incidences of knee injuries and of cruciate ligament injuries in particular, together with the costs per hour of participation, all displayed the same sports as the top five for both females and males: icehockey, team handball, soccer, downhill skiing and basketball. Female alpinism and gymnastics had also high rankings. Knee injuries comprised 10% of all injuries in males and 13% in females, but their proportional contribution to the costs per hour of participation was 27% and 33%, respectively. From this study it can be concluded that females were significantly more at risk for knee injuries than males in six sports and that knee injuries accounted for a high proportion of the costs of medical treatment.
distribution of lower extremity injuries: a reduction of tibia fractures by 13% was offset by an increase of 32% of knee injuries (Rö hrl et al. 1994) . This change over the decades of injury pattern in alpine skiing has been noticed by other authors, e.g. by Holzach et al., who published data collected during 20 years from a region in Switzerland. They found that in 1993 50% of the lower extremity injuries were to the knee and almost every fourth skiing injury involved a knee ligament (Holzach et al. 1994) . In Johnson & Pope's study over 25 years in Vermont, US, a decline of the overall injuries was found, but in spite of a slight decrease also of knee injuries there was an increase of serious knee injuries during these years (Johnson & Pope 1991) .
Among other sports with a high proportion of knee injuries are soccer, icehockey, volleyball, basketball and judo. In Finland 5 years of insurance data on licensed competitors showed that the knee injuries part of all injuries varied between 21% in soccer, 20% in judo, 19% in volleyball, 17% in icehockey, and 16% in basketball (Kujala et al. 1995) . The frequency of knee injuries is high in team handball as well; in Myklebust and colleagues' study on Norwegian top level teams, cruciate ligaments ruptures were higher than in previous reports from team handball (Myklebust et al. 1997) . The situation in gymnastics is similar (Wadley & Albright 1993) .
There is growing evidence on the higher vulnerability of the knee in females (Arendt & Dick 1995 , Myklebust et al. 1997 , Roos et al. 1995 , Engströ m et al. 1990 , Hutchinson & Ireland 1995 . In the review by Rö hrl et al., the risk of knee injuries for female skiers was three times as high as for male skiers and the majority were combined knee ligament injuries, often including the medial collateral ligament (Rö hrl et al. 1994) .
The nationwide organization ''Youth and Sports'' represents the major source of organized sports and recreation for Swiss youth, engaging annually around 370 000 participants in the age group of 14 to 20 years (de Loës 1995) . The number of young people taking part represents up to two-thirds of the Swiss population in this age range, increasing from 55% (73% of the male population and 36% of the female) in 1987 to 68% (86% and 49%, respectively) in 1993. The organization registers all activities: records are kept on the number and sex of the participants and the duration in each activity of the 32 sports available. The absence from training or matches is not registered. Concurrently, during the years from 1987 until 1993, all physician-attended acute injuries that occurred during the activities of ''Youth and Sports'' were registered and recorded on computer files at The Swiss Military Insurance. The combination of the two databases provides a source for epidemiological analysis of more than 5000 injuries per year, allowing the assessment of risks across sports, the comparison Fig. 1 . ''Youth and Sports'' 1987-1993 . Number of knee injured participants by age and sex. Males, nΩ2820, females, nΩ791.
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of male and female incidences and the estimation of the costs of associated medical treatment. A selection of a group of diagnoses for analysis, as in this article injuries to the knee, is another possibility.
The purpose of this descriptive study was to present data from the activities in the Swiss organization ''Youth and Sports'' estimating the risk per time unit, i.e. the incidence rates per 10 000 hours of participation, of sustaining an injury to the knee. The knee injury incidences in both team and individual sports were analyzed, especially concerning gender differences. Further, the costs of medical treatment of different knee diagnoses are reported together with the estimation of cost per hour of participation by sport and sex. A special estimation of the risks of injury to the cruciate ligament concludes the report.
Material and methods

Subjects
The population comprised all participants in the organization ''Youth and Sports'' during the period from 1987 to 1993 in the age range 14-20 years. All in all during the 7 years, there were 1 717 308 male personyears with 29 990 injuries registered and 867 320 female personyears with 6984 injuries. The total time of exposure was 97.1 M h.
The analysis has been confined to the twelve most popular branches, six individual (non-contact sports) and six team sports (contact sports) including 82% of the total time of participation and 96% of all injuries.
The age distribution of the injured particiapants is demonstrated in Fig. 1 . The mean age was 17.4 years for males and for females 17.0 years (SD 2.05 and 2.00, respectively).
Methods
The data on acute injuries sustained during the activities in ''Youth and Sports'' were made available by the Swiss Military Insurance and the Federal Bureau for Statistics and converted to ASCII files. The files contained information on age and sex of the injured, date of occurrence of the injury, and the sport exercised. Furthermore, they included the diagnosis according to the 9th Revision of the International Classification of Diseases, Injuries and Causes of Death (ICD IX), and the payments for medical treatment, also covering physiotherapy. Only acute injuries having been attended to by a physician were reported to the Military Insurance. The assessment contained in the supplementary data was made by the person in charge on the specific occasion, the teacher, coach or trainer, describing in a free text the circumstances at the occurrence of the injury.
The time and population-at-risk were calculated with data from the Swiss Sport School Macolin, section ''Youth and Sports'', where all activities are continuously documented for each sport; the number of participants and the sex distribution as well as the time and length of the courses. The documentation is based on the reports from the persons responsible for the instruction (teacher, coach or trainer) and there is a strict control of the quality of the reports by the Swiss Sport School Macolin.
A formula modified from Chambers was used for the calculation of the exposure to risk, in this case the rate of knee injuries incidence (Chambers 1979): Ω Incidence of knee injuries per 10 000 h exposure to sport
Statistical method
The confidence intervals have been calculated as the mean∫1.96¿the standard error, the latter being estimated with the assumption that the variances are equal to the mean, as in a Poisson distribution. The variance for the difference between males and females has been calculated as the sum of the variances of the two components.
Results
There were 3005 knee injuries in 2820 males and 859 in 791 females. The highest knee injury incidences were found in female downhill skiing and soccer followed by male icehockey, female team handball and alpinism, and male soccer ( Table 1) .
The female/male ratios in Table 2 show a higher injury risk for females in 9 of the 12 sports. Six of these were significantly higher, three individual and three team sports, namely alpinism, alpine skiing, gymnastics, volleyball, basketball and team handball.
The overall risk of knee injury for males in the 12 sports was significantly higher than for females (0.52 versus 0.39). However, the result was skewed by the impact of the predominant male soccer that alone accounted for 50% of all knee injuries and 64% of those in males.
The diagnoses by sport and the mean costs per injury of medical treatment by diagnosis and by sport are reported in Tables 3 and 4 . The overall mean costs for medical treatment was US$ 1131 per injury in females and US$ 1097 in males. Calculations of the mean cost per sport assigned female soccer, team handball and icehockey, and thereafter male basket-92 ball and team handball as the most costly sports concerning knee injuries.
The relations between knee injuries and all injuries are given by sport in Table 5 for males and in Table  6 for females. The first column in each of these tables contains the costs for knee injuries per hour of participation and the second column the corresponding costs for all injuries. Female soccer, team handball, downhill skiing and alpinism accounted for the highest costs of knee injuries, followed by male team handball, soccer and team handball. The third column shows the part (in percent) of the costs for knee injuries compared to the costs for all injuries (the ratio of the first and second columns). Female sports had higher costs for knee injuries than male sports in soccer, downhill skiing, icehockey, team handball, alpinism and basketball; the first two reached over 50% of the total cost per hour. The forth column displays the part (in percent) of knee injuries in relation to all injuries, thus allowing the comparison between percentage of costs (third column) and percentage of number (forth column) of knee injuries. This cost/ injury ratio is found in the last column. Here it can be seen that in both males and females the proportion of the cost of all knee injuries was around two and a half times higher than their proportion of the number of injuries. The highest cost/injury ratios were found in female icehockey, fitness training, volleyball and soccer, and in male team handball and basketball. The cruciate ligament injury, being the most expensive in medical treatment, has been compared between the sexes. The only significantly higher risk was found in female gymnastics (Table 7 ). The overall risk was slightly higher for males (0.06 versus 0.05).
Discussion
In this study it was found that females were significantly more at risk in six sports: alpinism, downhill skiing, gymnastics, volleyball, basketball and team handball. The incidences of knee injuries and of cruciate ligament injuries in particular, together with the costs per hour of participation, all displayed the same sports as the top five for both females and males: icehockey, team handball, soccer, downhill skiing and basketball. Female alpinism and gymnastics had also high rankings. A high proportion of the costs of medical treatment was required for knee injuries. Knee injuries comprised 10% of all injuries in males and 13% in females, but their proportional contribution to the costs per hour of participation was 27% and 33% respectively.
Risk analysis
Although females had higher incidences of knee injuries than males in nine sports, the overall incidence was significantly higher in males. As has been demonstrated previously (de Loës 1995) , this is due to the heavy concentration of exposure in male soccer, icehockey, and team handball -all highrisk sportswith 59% of the total male exposure (with soccer alone accounting for 44%), whereas in females there is no such skewed distribution.
The high ranking of team sports in both males and females conforms to what is found in the current literature on injury risks in general (Backx et al. 1991 , de Loës 1995 , and of knee injury rates and incidences in particular (Kujala et al. 1995 , Arendt & Dick 1995 , Myklebust et al. 1997 , Hutchinson & Ireland 1995 , de Loës 1997 . Not only team and contact sports like soccer, team handball, icehockey and basketball are to be considered as highrisk sports for knee injuries, but also individual sports like downhill skiing and alpinism (including both climbing and skiing) carry considerably high risks (Holzach et al. 1994 , Rö hrl et al. 1994 , Johnson & Pope 1991 . The incidences of knee injuries, as a group of diagnoses, and of cruciate ligament injuries, as a special diagnosis, together with the costs per hour of participation all displayed the same sports as the top five in both females and males: icehockey, team handball, soccer, downhill skiing and basketball. Female icehockey, though, had few participants and only a total of four knee injuries, so that this result is merely an indication. Also female alpinism and gymnastics had high rankings.
The higher vulnerability of the female knee, and in particular the cruciate ligaments, has been reported by many authors (Hippe et al. 1993 , Rö hrl et al. 1994 , Arendt & Dick 1996 , Myklebust et al. 1997 , Roos et al. 1995 , Engströ m et al. 1990 , Hutchinson & Ireland 1995 and was confirmed in the present study. In a review of the literature on knee injuries, Arendt & Dick (1995) discuss the many existing theories on extrinsic (i.e. body movement in sports, muscle strength, coordination, shoe-surface interface, conditioning, experience and skill) and intrinsic factors (i.e. joint laxity, limb alignment, notch dimensions and ligament size). They conclude that the higher risk among women of cruciate ligament injuries is likely to be multifactorial, with no single structural, anatomic, or biomechanical feature solely responsible, and that there is strong support for the probability that the primary mechanism is noncontact (Arendt & Dick 1995) . This is noteworthy as these injuries to a great extent occur in contact sports.
Costs of medical treatment
There are different measures for reporting the costs of medical treatment. The most common are, of course, the mean or the total cost of injury (Asikainen et al. 1991) . The overall mean cost was for females US$ 1131 and for males US$ 1097. Mean costs above these were found for females in soccer (US$ 1861), team handball (US$ 1655), fitness (US$ 1386), volleyball (US$ 1367) and gymnastics (US$ 1319) and for males in basketball (US$ 1427), team handball (US$ 1388), downhill skiing (US$ 1299) and athletics (US$ 1146).
A more illustrative method is the estimation of cost per hour of participation, which takes the exposure into account and therefore offers a more complete picture of the impact of knee injuries in each sport. The differences in ranking order between the mean and the cost per hour are especially apparent in male soccer and icehockey and in female downhill skiing and alpinism, where these four ranked higher in risk than the mean cost would show. The opposite was the case in male basketball, athletics and gymnastics and in female fitness training; their high mean costs did not correspond to the risks.
Regarding the diagnoses, injuries to the cruciate ligament were the most costly, an already well known fact. Fractures of the patella or the condyles, ruptures of the menisci or the patella ligament are connected with relatively high costs as well. Naturally, these costs of medical treatment reflect nothing else but the level of necessary medical attendance, including the need of physiotherapeutic rehabilitation. Insurance costs for sick-leave were not included.
Injury mechanism
Four team-contact sports (icehockey, soccer, team handball and basketball) and one individual (downhill skiing) of the 12 sports analyzed had the highest incidences for injuries to the knee in general, to the cruciate ligament in particular and the highest costs of medical care when calculated by cost per hour of participation. This raises the question of whether it is a consequence of rough and violent contact between athletes in team sports. On the other hand, the increased vulnerability in females is likely to be multifactorial and the primary mechanism noncontact, especially concerning the cruciate ligaments (Arendt & Dick 1995 , Myklebust 1997 . Hence, violence in team play would not explain the mechanism of the female knee injuries. Moreover, these high-risk sports are characterized by high speed and quick changes of direction. In the present study there was no further information on the injury mechanisms.
Registry
The system of collecting data from injuries that occur during the nationwide activities of ''Youth and Sports'' offers a valuable source for the epidemiology of sports injuries. The extensiveness of the material together with the possibility of estimating the time of exposure are rare qualities and contain a potential for the progress of research in this field. The registration of exposure in ''Youth and Sports'', that is, the number of participants and the time in sports, or population-and time-at-risk, is a well-controlled system, initially constructed for the Swiss Army since the organization arose from the cadet schools. As to the registry of injuries by the Military Insurance, it is possible that there is a loss, especially in the registry of minor injuries and of such injuries which seemed negligible at the time they occurred and therefore were not reported in due time to the teacher or trainer. The economic incentive for reporting a minor injury is perhaps less strong, but there is no reason to expect that the selection in the registry would be different in some sports and not in others. This means that the knee injury incidence could be underestimated, while on the other hand, as a counterbalance, individual ab-sence is not accounted for in the exposure data. An underestimation of the risks would not affect the ranking order.
In the discussion of the extent and burden of knee injuries in sports it is essential, as in sports injury epidemiology in general, to take into account not only the number of participants but also the time of exposure. The majority of the studies that are referred to here contain exposure, but there are still investigations on sports injuries presenting only the percentage of particular injuries. Such descriptions merely reflect the actual circumstances in a population or in a sport, which of course may be of some use, but it does not give information about the relative risk of getting injured (de Loës 1997). The latter is important for optimizing preventive efforts to diminish the undesired effects of physical activity. Finch describes the definition and collection of meaningful exposure data as one of the major challenges of epidemiological research in the future. van Mechelen et al. have stressed the necessity of an unambiguous, universally applicable definition of sports injury, the definition of sports participation and a consensus on the expression of denominator data, which should include timeat-risk, as this would enable the comparison between studies of knee injury incidence from different sports and sports persons.
In fact, for the analysis of the present material and the comparison with the current literature only few studies on acute injuries in the same age group and using the same or similar methods for registry, definition of injury and calculation of knee injury incidences were found. Many studies do not allow the distinction between acute and overuse injuries or have not presented data separately for the sexes. Especially in sports where the anatomic, physiological and psychological differences between the sexes are apparent, it is important to make the distinction in the presentation of results.
The inclusion criteria are equally variable. Some authors use the absence from sports as a criterion and not medical attendance, as in this study. There are pros and cons concerning the exclusion of overuse injuries and about the use of medical attendance as a definition, but in this case, as the study is retrospective, there was no choice. Likewise, it was not possible to distinguish between injuries occurring during game or competition or occurring during practice. It is well known that the injury risk is very much higher during game or competition, but the files do not contain any information of this kind.
Conclusions
From this study it can be concluded that females were significantly more at risk of knee injuries than males
